Introduction
Anemia in infancy remains a public health problem, not only because of its prevalence, but also its severity. Estimates show that worldwide, some 273 million pre-school children suffer from this nutritional problem, or about 43% of the population in that age group 1 . Half of these cases have been attributed to iron deficiency (ID), which is why anemia is used as an important indicator to estimate the magnitude of this deficiency in children 2 . Anemia is related to increased infant and neonatal morbimortality. The combined effects of multiple vitamin and mineral deficiencies from conception to the age of two contribute increased perinatal mortality, and reduce the individual's physical ability to work and his/her productivity, which in turn has a negative impact on the country's economic growth 3, 4 . Other factors considered in the etiology of anemia are genetic hemoglobinopathies, malaria, infections, other micronutrient deficiencies (Vitamin A, Vitamin B12 and Folate), and exposure to adverse environmental and socioeconomic conditions 4 .
Iron deficiency is the main cause of anemia in Brazilian children under the age of two, the result of inadequate nutritional practices (resulting in decreased iron consumption and bioavailability) 5, 6 , fast growth and recurring infections, especially in children in the poorer regions of the country 4 . However, recent studies in several regions of the country 7, 8 have also taken into account the contribution of other micronutrient deficiencies, confirming international evidence found among children in Mexico 9 , and schoolchildren in Colombia 10 . Data from the National Demographics and Health Survey 11 shows that Brazilian children have an inadequate nutritional standard, with the introduction of semi-solid foods of low nutritional value at a very early age (47.1% of children under five months use a bottle), and delayed introduction of important food groups: 37% of the children between the ages of 6 and 11 months did not eat fruits and vegetables daily, 47% did not eat beans and 83% did not eat meat.
Different strategies have been used to prevent and control anemia and ID, however few have been successful in reducing their incidence 12 . Global data shows a very slow downward trend in prevalence -around 4% a year over the past two decades (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) 1 . While Brazil's development indicators have improved significantly, with better income distribution, easier access to goods and public services, and declining gaps between regions, some inequalities remain. and the North of the country has one of the highest social vulnerabilities, which reflects in infant health and nutrition. 80.1% of the households in the North do not have access to sanitation services, and the area has the highest rate of hospitalizations for oral fecal transmissible diseases (693.8 per 100 thousand inhabitants, or 80.1% in 2010) 13 . In spite of strategies to prevent and control anemia, with compulsory fortifying of wheat and corn flours, and prophylactic supplementation for high-risk groups, the incidence of anemia in children remains a public health problem in all regions of the country [14] [15] [16] . Studies indicate the prevalence of anemia in children under the age of two in the Brazilian Amazon ranges from 40 to 70% 17-21. The literature has few studies that analyze the factors associated with anemia in children in developing nations that also consider their nutritional status in terms of micronutrients. For this reason, this study looked at the nutritional status of children under the age of two seen in basic healthcare units of the Unified Healthcare System (SUS) in Rio Branco, Acre.
We hope to contribute with information on the magnitude and factors associated with anemia and micronutrient deficiency in these children, thus fostering improved infant care services, within those already provided in primary child healthcare.
methodology study design, area and population
This is a cross-sectional study that is part of ENFAC (Estudo Nacional de Fortificação Caseira da Alimentação Complementar), aimed at home supplementation of complementary feeding. This is a pragmatic, multi-center clinical trial performed in four Brazilian cities (Rio Branco, Olinda, Goiânia and Porto Alegre). ENFAC is comprised of two study groups, a control with children 12 to 14 months routinely seen by the childcare services of basic healthcare units (UBS) participating in the trial, and the intervention group, made up of children receiving fortified nutrition at home with a variety of powdered micronutrients from the age of 6 -8 months.
For this analysis, we used data from children in the control group, ranging in age from 11 to 14 months, seen by the childcare units of the UBS in the city of Rio Branco. Inclusion criteria were: a) approval to participate in the trial given by the mother or guardian; b) not being treated for anemia when the trial started. Exclusion criteria were premature birth (children born at under 37 weeks gestation), twins, children with HIV, malaria, tuberculosis, hemoglobinopathies or fever (> 39°) on the day blood was drawn.
In Rio Branco the trial included six basic care units (UBS) between June 2012 and February 2013. Rio Branco is the capital of the Brazilian state of Acre, located in the north of the country. Based on the 2010 Demographic Census, the city's Human Development Index (HDI-M) is 0.727, which is considered high. The city has a total population of 336,038, with children under the age of four making up 9% of the total. The infant mortality rate (IMR) 24 . By 2012, the year this study was conducted, it had dropped again to 38.7% 25 . The sample anticipated for Rio Branco was 105 children per group (control and intervention), plus 30% to cover withdrawals and refusals, thus a total sample of 135 children [per group]. We were able to recruit 155 children who met the inclusion criteria for the control group. Of these, five refused to participate in the study. The final sample was made up of 150 children. This sample size resulted in a testing power of 80% and a two-tail significance level of 0.05 for detecting 6 g/L differences in mean hemoglobin assays, estimating a standard deviation of 12 g/L for the main study (ENFAC). Children included in the study were no different from those who were not in terms of gender, age, socioeconomic, maternal and early childhood conditions.
Field teams were comprised of nurses and undergraduate students in nutrition at Universidade Federal do Acre. Teams were trained and allocated to the UBSs participating in the study. A Free and Informed Consent Form was signed by the mothers or guardians once we had explained the goals and advantages of the study. The Consent Form stated they were voluntarily participating in the study, and were assured that all of the information provided would be kept as confidential. The study was approved by the Research Ethics Committee of the Public Health School at the University of São Paulo. Data collection was preceded by consent from the Rio Branco, Acre City Health Department.
Data collection
Interviewers applied a structured questionnaire to mothers or guardians going to the healthcare service, or actively sought out mothers and guardians living in the area served by the participating UBSs. The following data was collected: a) demographics (gender, age of child, race/color), b) socioeconomic data (per capita household income, parent (mother and father) years of schooling, registration in the Programa Bolsa Família (cash transfer trogramme), cable TV and Internet in the home, number of children under the age of 5 in the household, number of children of same mother); c) environmental (treated water); d) maternal characteristics (age, type of delivery, number of pre-natal visits); e) characteristics and morbidities at birth (weight at birth, hospitalizations in the past 12 months, diarrhea, fever and cough in the past 15 days); f) nutritional status and infant nutrition habits (malnutrition, nursed in the first hour after birth, how long child nursed exclusively, age at which complementary feeding is introduced); g) use of nutritional supplements by the child (iron and vitamins A and D).
Trained researchers measured the length and weight of the children using standard procedures and calibrated equipment 26 . Each measurement was repeated and the mean calculated. To measure weight
We used an electronic Tanita UM-061 scale with capacity of 150 kg and sensitive to 100 g. Length was measured using a Sanny ES-2000 portable infantometer with 1 meter extension and 1 mm precision. Children were measured lying on their backs on a flat service. Length was measured in centimeters. To analyze their nutritional status we used the Length/Age Z-score obtained using WHO Anthro version 3.2.2 software, using as a reference the WHO growth standards 27 . Malnutrition was defined as a Z score of less than -2.
Blood sample collections were scheduled for the week following the interview, based on the availability of the caretakers. Blood was drawn by a nurse technician experienced in infant venipuncture. Blood samples were drawn after a fast of at least three hours.
The samples of blood were placed in 2 test tubes -a) a dry tube, protected from light for obtaining serum, kept at ambient temperature and centrifuged within 1 hour of collection; b) a tube with EDTA for obtaining plasma, kept in ice until centrifugation. After removing the clot, the liquid was centrifuged at 3,000 rpm and the blood components separated into suitable microtubes, kept frozen at -20°C until being shipped to the Human Nutrition lab at the Nutrition Department (FSP/USP), where they were kept at -70°C until biochemical analyses were performed.
Serum folate and Vitamin B 12 concentrations were measured using fluoroimmunoassay (Perkin Elmer, WallacOy, Turku, Finland). The cutoff for determining folate deficiency (FOL D ) was 10 nmol. For Vitamin B12 deficiency (VB 12D ) we used a cut-off of 150 pmol/L. Serum retinol and Vitamin E were analyzed using reverse-phase High Performance Liquid Chromatography (HPLC-1100, Hewlett-Packard, United States). Children with serum retinol concentrations below 1.05 μmol/L and below 0.7 μmol/L were used for Vitamin A insufficiency and deficiency respectively (VAD) 28 . Vitamin E insufficiency was considered for concentrations below 11.6 μmol/L. For anemia, we used the WHO 4 cut-off point of Hb < 110 g/L in children six months to five years of age. Blood hemoglobin (Hb) was measured using a portable Hemocue (Hb301; HemoCue®, Angelholm, Sweden) hemoglobin-meter at the time of blood collection. Iron deficiency (ID) was determined when plasma ferritin (PF) was below 12 g/L and/or the soluble transferrin receptor (sTfR) concentration was less than 8.3 g/mL. IDA was determined when anemic children presented iron defficiency 20, 29 . These analyzes were performed by enzyme immunoassay (Ramco, Houston, Texas, USA). Knowing that PF concentration increases with inflammation and infection, and can lead to under-estimating ID 30 , plasma C-Reactive Protein (CFP) was determined to check for infection in the study children. We used an immunochemical system -IMMAGE (Beckman Coulter, Brea, CA, USA). PCR values under 5 mg/L and/or Alfa-1 acid glycoprotein (AGP) greater than 1 g/L were considered to be associated with existing or chronic inflammation and/or infection, as described in the meta-analysis 30 . Samples were analyzed within 6 months of being collected. The lab ran blind analyses for internal and external quality control. Children diagnosed with anemia, ID or VAD were sent to the UBS healthcare system for treatment, as per the guidelines of the Ministry of Health. The frequency of each micronutrient deficiency was calculated. However, we know that the cut-off points for these deficiencies are not considered definitive as micronutrients, especially in children, have imperfect sensitivities and specificities 31, 32 .
Data analysis
The main outcome of interest was anemia. The frequency of micronutrient deficiencies (ID, VAD, VB 12 D and FOLD) were used to describe the study population.
Data was doubly inputted using Epiinfo 6.04 (Center for Disease Control and Prevention, Atlanta, Georgia) software, and exported to Stata v. 10.0 (StataCorp., College Station, Texas) for analysis. The distribution of the continuous variables was identified using the Shapiro Wilk test. To characterize the samples, absolute and relative frequencies were calculated for the categorical variables, the mean and standard deviation for continuous variables with normal distribution, and the median and interquartile intervals for variables without a normal distribution. Pearson's Chi-squared was used to compare the amounts of anemia, ID and IDA using the dichotomous variables, with a level of significance p < 0.05.
In the first step, gross analysis using a Poisson regression looked at the effect of each of the explanatory variables on anemia individually. The following independent variables were investigated: demographic and socioeconomic characteristics, access to public services, maternal and birth characteristics, morbidities, infant nutrition practices, the use of nutritional supplements by the infant and biochemical markers. The cut-off point to select variables for inclusion in multiple models was p < 0.20. Adjusted prevalence rations and 95% confidence intervals controlled by gender were obtained using multiple Poisson regressions with robust variance, as per the existing conceptual model adapted from earlier studies 7, 21 . Considering the characteristics of our study population, late inclusion of complementary nutrition was categorized as before or after 240 days, and weight at birth as less than or more than 3,500 grams.
For each level of determination, from the distal to the proximal, variables remained in the model if conceptually relevant and associated with the outcome in the adjusted analysis (p < 0.10, Wald test), or if including each of them in the model improved the determination coefficient or changed the RP by 10% or more of the variables in the block tested. Missing observations were included in the multiple models by created the missing category. Variables that, after adjustment for the factors of the same or higher hierarchical level, showed a p value < 0.05 were considered associated with anemia.
results
The median age was 13.3 months, 55% of the children were male, and most of them mulatto (89.9%). Median per capita household income was a bit above the minimum wage in 2012 (R$ 622,00) Regarding their environments, about 30% of the children lived in homes with inadequately treated water, and 43% in homes with no connection to public sewage. Regarding data on the mothers, the median age and years of schooling were 25 and 10 years respectively. The median number of pre-natal visits was 7.
One-half of the children had fever and 27% had diarrhea in the 15 days before the study. More than 24% had been hospitalized in the preceding 12 months. The share of children who had used iron or Vitamin A and D supplements sometime in their lives was relatively low -13.5% and 2.7% respectively (Table 1) .
Descriptive values of the indicators of nutritional status regarding iron, frequency of anemia and other conditions are shown in Table 2 . The frequencies for anemia, iron deficiency and iron deficiency anemia were 22.7%, 75.8% and 19.5% respectively. We found no case of severe anemia (Hb < 70 g/L). 27.5% of the anemic children had iron deficiency. 85.3% of the children with ID were anemic. The frequencies of Vitamin A (VAD), Vitamin B 12 (VB 12 D), folate (FOLD) deficiency and malnutrition were 17.8%, 20.0%, 0.7% and 7.7% respectively. Of the 150 children evaluated, 82% had multiple deficiencies (ID, VAD, VB 12 D. Acute (CRP > 5 mg/L) or chronic (AGP > 1 g/L) inflammation or infection were found in 21.2% and 38% of the children respectively.
Regarding infant nutrition practices, only 86.7% of the children nursed in the first hour after birth. The median period during which babies nursed exclusively was 120 days, and the average age at weaning was 150 days. Complementary feeding was added late (after 8 months) to 13% of the nursing infants. Figure 1 shows the frequency of ID and VAD using acute (PCR) and chronic (AGP) inflammation markers. The prevalence of ID was higher where there was chronic inflammation than in the presence of any other conditions, although the difference was not statistically significant. For VAD the difference between the two groups was limitrophe.
The frequency of anemia according to the independent variables, and the relative contribution of each risk factor to this condition, were estimated using χ 2 . The adjusted prevalence ratios (APR) are shown in Table 3 . Anemia was uniformly distributed between the two genders, with no statistically significant difference. Higher prevalence of anemia and increased risk of this outcome were related to the following variables: not being an only child [30.1%; APR: 2,11 (CI95%:1.06; 4.19), no cable TV or Internet in the home [APR: 4.57 (1.13; 18.47), malnutrition, late introduction of iron-rich foods or those that promote iron absorption, Vitamin A and B12 deficiency and CRP > 5 mg/L. Children weighing more than 3,500 grams at birth were at lower risk for anemia.
ID was 17% lower among children of mothers who had 9 or more years of schooling than among the children of mothers with fewer years of schooling. Late introduction of iron-rich foods or those that promote iron absorption increased the risk of ID by 26% compared to those children introduced to these foods at the right time. VAD was associated with ID [1. 
Discussion
In this study, socioeconomic factors and infant feeding practices were associated with the presence of anemia. Other factors strongly associated with anemia were weight at birth, malnutrition, presence of infection and deficiency of other micronutrients (Vitamins A and B 12 ).
The largest proportion of anemia was found in children where iron rich foods such as meat and other iron absorption promoters were introduced late. The strong association between this variable and the outcome reinforces the importance of nutritional education measures that stress the timely and suitable introduction of complementary nutrition, showing the nutritional damages caused by maintaining a dairy-based diet, as shown in other studies 5, 14, 33, 34 . Surveys by Garcia et al. 17 and Castro et al. 18 in a town close to the area of this study also found an inadequate pattern of nutrition in children under the age of two, with limited consumption of foods that facilitate iron absorption (meats, fruits and vegetables), and high use of iron inhibitors (cow's milk and thickeners). This type of nutritional pattern results in insufficient ingestion of iron heme and low mineral utilization. It also can lead to microgastrointestinal bleeding due to the early introduction of cow's milk. Studies reinforce the importance of eating meats during the weaning period, which should start as soon as complementary feeding is introduced, and always before the 27 th week 35 .
The median duration of exclusive breastfeeding was low (120 days), and weaning early (median of 150 days). Although the importance of exclusively breast feeding for preventing anemia is known, our data did not reveal any association between breast milk and anemia or ID. This is likely due to the difficulty to obtain accurate # Introduction of foods rich in iron or which promote its absorption (fruits, beans, meat and vegetables above 240 days).
a Mean ± standard-deviation in parenthesis. b Frequency (%). c Median; interquartile ranges (p25-p75) in parenthesis.
information about this variable. The importance of breast feeding for reducing the risk of anemia and infant survival is known, and is considered the single highest-impact intervention for reducing preventable deaths of children under the age of five (90% of infant deaths in the world) 36 .
Consistent with the literature², we found a strong association between anemia and socioeconomic conditions, reflected here as owning assets such as cable TV and Internet. The absence of such assets in the home was associated with a four-fold higher risk of having anemia.
The North has the smallest Internet penetration in Brazil (20.2% of the population has Internet access, compared to the national average of 36.5%) 37 . In this context, this variable is a good indicator of socioeconomic level. In a study of nursing infants in Pernambuco, Lima et al. 38 found that the absence of a TV in the home was significantly associated with a lower mean blood hemoglobin level.
It is believed that the role of the mother's years of schooling is related to an increase in the ability to understand the instructions received and with making healthier food choices, providing their children with a better diet. They tend to be more aware of healthcare in general, which results in more efficient care practices 39 . However, unlike some studies 33 but agreeing with others 5, 40 , this study found no association between maternal education and anemia. A possible explanation may be the homogeneous distribution of education in the study population, without enough contrast for proper comparisons.
The low prevalence of the use of supplements as prophylaxis for the main micronutrient deficiencies in young children (Vitamins A, D and iron) shows limited adherence of this population to this type of public health measure. This reduced rate of adherence is common in a number of countries other than Brazil, and is a topic of much discussion in the literature. In the case of iron supplementation, this is generally attributed to gastrointestinal effects, sensory aspects, the long period of administration, limited prescription by healthcare professionals and lack of informaiton 41 . Vitamin B 12 deficiency is associated with Anemia and IDA, [this study found] higher numbers (20%) than the numbers found in children 6-24 months old in Acre (12%) 20 , and lower than those found in children under the age of 2 in Colombia (50%) 42 . Inadequate levels of Vitamin B 12 have been found in numerous developing nations. The few studies available on the prevalence of Vitamin B 12 deficiency used small samples and non-standard methods of nutritional assessment, making comparisons difficult. In global terms, this association has been considered uncommon, possibly due to diagnostic limitations, as ID tends to reduce mean corpuscular volume (MCV) more easily than Vitamin B 12 deficiency 32 . It is likely that this finding is due to late introduction of meats to infant nutrition, found in this study.
Half of the children studied had inadequate levels of Vitamin A, and about one in five had Vitamin A deficiency, shown to be associated with anemia, thus corroborating the findings of Pedraza et al. 43 in a study conducted in the Brazilian Northeast. In Rio Branco, 40% of the anemic children also presented VAD, but ID was not found, reinforcing the involvement of other micronutrients in anemia.
The prevalence of VAD was higher among children with acute inflammation, corroborating the findings of Rohner et al. 44 . The magnitude of the Vitamin A deficiency found was larger than the national estimate (16.3%)
11
, and higher than the numbers found in a study of children in the Amazon (14.2%) 20 and the Philippines (3%) 44 . This situation probably reflects insufficient consumption of foods rich in pro-vitamin A (e.g. yellow fruits and vegetables), as well as the high morbidity among the study population. Numerous studies have demonstrated the influence of Vitamin A on the iron status 34,45 and hemoglo- . Because of this, some studies have suggested that combined supplementation with Vitamin A and iron would have a greater impact on reducing anemia than the administration of either one of these in isolation 9,10, as more often than not, micronutrient deficiencies are associated 47. Weight at birth has been associated with the prevalence of anemia, with higher birth weight considered protection from this outcome. The literature shows that children who weigh less at birth have lower iron reserves, and many are weaned early, accentuating iron depletion 38 . However, as this is a variable obtained from the child's file, care must be taken in its interpretation.
Regarding morbidity, it is known that children living in unsuitable environments are more prone to infectious diseases 34 . In this study, ~27% of the children between 11 and 14 months had diarrhea, and 70% had a cough in the two weeks preceding the study. The variable indicating recent inflammation or infection (CRP) was strongly associated with anemia and showed a borderline association with VAD. The prevalence of anemia in children with inflammation was almost three times higher than among those with no inflammation. The literature has ample references to a predisposition for anemia following acute infection, as in general this is accompanied by a worsening appetite, and greater loss or uti- , and of a study in New Zealand 40 . However, they were lower than the frequency found in other Brazilian studies conducted with children of similar age included in the healthcare system. It is convenient to point out here to point out that a number of factors limit the possibility of comparing prevalence across studies, as some are derived from surveys of capillary blood samples 11, 14, 44 , which can cause hemodilution and introduce a systematic error in the hemoglobin assays. Other studies in Acre show a higher prevalence of anemia in children under the age of 2 7, 17 , which may be explained by the fact that people living in the state capital have better infrastructure and access to higher quality assets and services. In general, these children come from households of a higher socioeconomic level and education when compared to those in cities in the interior of the Amazon.
Iron deficiency has been shown to be a serious public health problem; our study found numbers higher than the results of by Pasricha et al. 31 in Indian children aged 12 to 23 months, and lower than the results found by Cardoso et al. 20 in children 6 to 23 months in the Amazon interior.
The prevalence of malnutrition in children under the age of 11 months (7.7%) was higher than would be estimated using PNDS 11 data (4.8%), and was strongly associated with anemia, as per the findings of Yang et al. 33 and Lima et al. 38 . Anemia and macro and micronutrient deficiency are related to infant growth and development, leading to short stature 47 . They can also interfere in Hb levels due to dietary insufficiencies.
The results of this study must be considered while bearing in mind its limitation. First, as it is a study of children seen by a basic care service, thus results may not be extrapolated to the general population of children under the age of two in Rio Branco. Second, a number of variables that are important causes of anemia such as gestational age and the normal eating habits of the study children were not analyzed due to inconsistencies in the former, and no data for the latter. Lastly, this is a cross-sectional study where data on individuals was collected only once, making it impossible to determine the timing of the outcomes and markers of recent infection and micronutrient deficiency, so care must be taken in its interpretation. Despite the absence of more accurate data on food consumption in our study, the combination of different indicators of iron status and biochemical micronutrient assays allowed us to identify other factors associated with anemia, in addition to iron deficiency. There is a single, population-based study conducted in a town in the interior of the Amazon that looked at the same range of biochemical indicators 20 . Our findings show that not only iron, but also other micronutrient deficiencies and the presence of infection affect the prevalence of anemia, reinforcing the need to supplement with other micronutrients and improve how morbidities are handled within the child-care services of the Rio Branco primary healthcare services. Interventions are required to improve infant health and nutrition bearing in mind the distal determinants of deficiencies such as social inequalities in terms of access to goods and services, and the importance of the nutritional advice provided by healthcare professionals and adequate nutritional practices in infancy.
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